CHAPTER 5

CONTAM NATI ON OF THE COHANSEY AQUI FER BY PRICE'S PIT

| NTRODUCTI ON

Price's Pit occupies approximately twenty-two acres extending across the
boundary of Egg Harbor Township and the Town of Pleasantville, New Jersey
(see figure 8). Until 1967, it functioned as a sand and gravel quarry.
During 1968, when the pit was excavated to within approximtely two feet of
the water table, people from the surrounding area began to dunp trash into it
with the permssion of the owner, Charles Price.

In 1970, Price applied to the New Jersey Departnent of Environnental

Protection (NJDEP) for a license to conduct a sanitary landfill operation.
The application listed the materials that Price intended to accept at the
landfill, and specifically excluded "Chemcals (Liquid or Solid)." NJ DEP

issued a certificate authorizing operation of a solid waste disposal
facility.

The New Jersey State Sanitary Code requires that every landfill operator
submt a detailed sanitary design. The NJDEP reviews each application and
t he acconpanyi ng engineering plan to determ ne whether planned operations
pose a threat to health or the environnment. Price did not submt a plan to
the NJDEP until late 1971, and that subm ssion did not mention the disposal
of chemicals. At that tinme, he was already accepting and disposi ng of
chem cal wastes.

Only later, in 1972, did Price seek authorization to take delivery of
l'iquid and chem cal wastes. In its response, the NJDEP granted Price a
certificate subject to the conditions that:

No liquid or soluble industrial wastes, petrochenicals,
waste oils, sewage sludge, or septic tank wastes shall
be received for disposal at this site.

Cbservation well(s) shall be constructed for monitoring
ground water conditions no later than six (6) nonths
from the date of issuance of the Certificate of
Regi stration. Sai d observation well(s) shall be
constructed according to standards established by the
Department of Environnmental Protection.

Despite those restrictions, Price continued to accept and dispose of

significant quantities of chemical and liquid wastes at the landfill until
the end of 1972. Those wastes were disposed of carelessly. Wastes were
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frequently poured into the landfill from an open spigot on a tank truck, and
drunms of chenmicals were simply buried under piles of refuse

In July 1972, the NIDEP inspected the landfill, cited Price for
accepting chenmical wastes, and formally advised himthat he was in violation.
Nonet hel ess Price continued accepting significant quantities of chenica

wastes until Novenber 1972. After that date, no chemi cal wastes were
di sposed of at the landfill, although it continued operating. In 1976, Price
terminated landfill operations and covered the site with fill material. It

has remined closed since then.

GECHYDROLOG CAL CONDI TI ONS AND M GRATION OF THE TOXI C WASTES FROM THE
LANDFI LL

Price's Pit is situated in a geographically sensitive area--an abandoned
sand and gravel quarry. The site violates all of the commbn sel ection
criteria for landfills accepting hazardous chenical wastes. It is located
near water supply sources, it |ies above sandy soils and above a water table

less than 10 feet from the surface, and is above an aquifer flowing in the
direction of public water supply wells.

During the period My 1971 to Novenber 1972, Price accepted
approximately 9 mllion gallons of the following toxic and flammable chenical
and liquid wastes, either in drums or directly into the ground: acet one
acids (glycolic, nitric, and sulfuric), and spend acid wastes, acryloid,
acryl oid nmononer and poly acryloid, caulking and spent caul ki ng sol vent,
caustics and spent caustic wastes, cesspool waste, chemcal resins and other
waste chenmicals, chloroform cleaning solvents, ether and spent ether wastes
ethyl acetate, ethylene dichloride, fatty acids, glue wastes, grease and
spent grease solvents, heptane, hexane, inks and waste ink residues,
i sopropanol, isopropyl alcohol, isopropyl ether, lacquer thinner, manganese
di oxi de, methanol, methyl ethyl ketone, nethyl isobutyl ketone, nethyl vinyl
ketone, miscellaneous chemical |aboratory wastes, mineral spirits, oil and
waste oil products (No. 6 waste oil), paint, paint sludge, paint thinner and
spent paint wastes, perfune wastes, phenols, phenolics, and phenolic
solvents, resins, septic waste and sludge, (distillery) still bottons,
styrene and styrene wastes, tar, titanium wastes, toluene, xylene and xyl ol

STUDIES OF THE PRICE SITE AFTER CLOSURE

After the Price site was closed, EPA officials and contractors took
extensive water |evel measurenents in the area. Those neasurenents showed

that the hydraulic gradient in the area of the landfill slopes generally east
and east-northeast fromthe landfill. The groundwater in the area, and
contam nants in that groundwater, wll therefore tend to flow east and

east - nort heast .

A | eachate plume has been defined in the area of Price's Pit, although
the precise contours of the plume have not been determined. A resistivity
test that has been done is of linmited utility because it cannot detect
chlorinated hydrocarbons, which are often not conductive. Because certain of
these chlorinated hydrocarbons, such as 1,2 dichloroethane (DCE), nove nore
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rapidly than other contam nants, significant pollution can be present well in
advance of the time it is detectable using resistivity. But the plune
clearly emanates from Price's Pit and is the result of the chem cal dunping
that occurred there in 1971 and 1972: there are no other sources of
pollution in the area that have significantly contributed to this plune of
cont am nants. The contami nants in the groundwater have followed, and are
likely to continue to follow, the hydraulic gradient east and east-northeast
fromthe landfill toward the Atlantic Gty Minicipal Water Authority (ACMJA)
wel l's. The speed of progress of the |leachate fromthe landfill toward the
ACMUA wells will probably range between .70 and .85 feet per day. Dissolved
substances nove with the groundwater as it flows along the hydraulic
gradient, but not necessarily with the sane velocity as the groundwater.
Velocities will vary somewhat across the various contam nants. Somne
pol lutants, such as DCE, have a |low retardation factor and nove nore rapidly
in an aquifer than others.

Movenment of the contami nants toward the ACMUA wells was confirned by
wat er sanples taken fromnmonitoring wells EPA 1A, located 1,300 feet east of

the landfill, EPA 6, located 2,000 feet east of the landfill, and private
wel |l 38, located 2,400 feet east of the landfill (figure 8). Each of those
wel I s show significant, though diluted, anounts of the contam nant DCE

Contami nants originating in the landfill should take between twelve and

fifteen years from the date of disposal to reach the ACMJUA wellfield. The
cl osest ACMJA well is located 3,400 feet east of the landfill

Thi s rough order-of-nmagnitude cal cul ation neglects the effect of the
ACMUA wells on the novenent of the contaminants. Punping fromlarge public
water supply well field, such as Atlantic City's, significantly affects the
hydraulic gradient in the area around the wells, increasing the velocity of
groundwater (and pollutants contained in that water) nmoving toward those
wel |'s. Between the landfill and the ACMJA wells, there seens to be no
geologic confining barrier in the upper 100 feet of the Cohansey Aquifer
Thus there is nothing to inpede the flow of contam nants toward those ACMUA
well's that draw water fromwells lying less than 100 feet bel ow the surface

There is evidence of a clay confining bed under Price's Pit at a depth

of approximately 130 feet. It seens that this clay |ayer extends
conti nuously between the landfill and the ACMJA wells. If that layer is
conti nuous and inperneable, wells drawing water from the Cohansey Aquifer
bel ow that |layer will not be contam nated by |eachate fromthe landfill. The

limted testing done thus far reveals no contam nation of groundwater |ying
bet ween 150 and 200 feet below the surface

EVI DENCE OF CONTAM NANTS | N DRI NKING WATER
Bet ween 1973 and the present, 12 observation wells were installed in or

near Price‘'s Pit. In addition, there are approximately 35 private wells in
the vicinity of the landfill.

In Decenber 1979, April, August, OCctober, Novenber, Decenber 1980, and

January 1981, enployees of EPA and nenbers of the Field Investigative Team
(FIT)--enpl oyees of Fred C. Hart Associates, an engineering consulting
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firm-collected water sanples fromspecially drilled monitoring wells |ocated
in and near Price's Pit, and fromexisting public and private water wells in
the vicinity of the landfill. Those sanples were collected using standard
and generally accepted protocols for groundwater sanpling. They were then
transported to the EPA Laboratory in Edison, New Jersey, or to one of the FIT
contract |aboratories, and then analyzed using EPA procedures for the 127
priority, and consent decree, pollutants. )

Anal ysis of those sanples revealed significant contamnation of wells on
the landfill and in the surrounding area. Testing of sonme of the nonitoring
wells and private wells detected the follow ng contaninants, anong others, in
t he grogndmater. In terms of the Water Quality Criteria (WQC) promnul gated by
t he EPA, sonme of those neasured concentrations were as indicated in the
followi ng table. Many ot her contam nants were found at each of the above
sites, including a variety of other metals, chlorinated hydrocarbons, and
ot her chemical contaminants present in anmounts greatly in excess of Water
Quality Criteria concentrations.

TOXI COLOG CAL SI GNI FI CANCE OF THE CONTAM NANTS

Many of the contaminants found in groundwater near, and in the vicinity
of, the landfill are hazardous to the environment and to human heal th. For
exanpl e:

(a) arsenic is a highly toxic metal and an established human carcinogen;

(b) cadmiumis a highly toxic metal, a suspected carcinogen in man, and
is known to be teratogenic in aninals;

(c) lead is a toxic netal and suspected of being carcinogenic and
teratogenic in humans;

(d) benzene is a highly toxic hydrocarbon and a potent carcinogen and
t erat ogen

(e) trichloronethane (chloroform is highly toxic and a recognized
carci nogen and teratogen;

(f) vinyl chloride is a toxic hal ogenated hydrocarbon, is carcinogenic
and is a known nutagen

(9) 1,2 dichloroethane is a toxic chlorinated hydrocarbon, is a known
carcinogen and a suspected teratogen

I norgani ¢ conpounds such as arsenic, cadmum chromium |ead, nickel
zinc, and mercury have been widely used in industry since the 1930s. It has
beconme conventional to refer to the concentrations associated with
occupational exposures as "high" concentrations, and to the anbient
environmental concentrations to which the general population is exposed as
"low concentrations.” And there is, for many of these contam nants, either
t he know edge or the suspicion that they may be hazardous to human heal th
even through exposures at "low' concentrations. Thus general - popul ati on
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Table 13. Some Observed Priority-Pollutant Concentrations at Wells Near Price's Landfill

Representative Ratio to (Upper)
Function and : Observed Water Quality
vel | Location Cheri cal Concentration Standard
(Parts Per Billion) Concentration
NJDEP Vel | Monitoring well Arsenic 3.3 x 101 1.50 x 103
2 at eastern boundary 3 9
of landfill Vinyl chloride 6.9 X 10 3.46 X 10
1,2 dichl oroet hane 2.2 X 105 2.40 X lO3
Lead 7.0 x 102 1.40 x 101
EPA VeIl 6 Monitoring well Chl oroform 9.1 x 101 2.80 X 10l
2,000 feet east of 1
landfill Tet rachl or oet hyl ene 7.7 x 10 7.00
1,2 dichl oroet hane 4.7 X 103 5.00 x 102
Dorsey Wel | Private well Arsenic 9.9 4.50 x 102
(#41) 1,000 feet north- ) 1
west of landfill Benzene 5.1 x 10 7.70 x 10
Met hyl ene chl ori de 1.3 x 102 6.80 x 101
pie Wite Private well Arsenic 9.9 4.50 x 102
Vel (#15) 1,400 feet north- 9 1
west of landfill Benzene 4.5 x 10 6.80 x 10
2 1

Met hyl ene chl ori de 1.1 x 10 5.80 X 10




health effects have cone to be the focus of many of our environmental -health
policy debates.

For these reasons, it is probably worth noting that many of the
contani nants observed in wells in the Price's Landfill area are, by any
reasonabl e standard, "high" concentrations. Some are higher than observed
occupational exposures, and many are substantially higher than observed
concentrations in polluted surface waters. In addition to being toxic, some
of these compounds are carcinogenic and possibly nutagenic. The netals, in
particular, are not degraded by natural processes and tend to persist in the
envi ronnent .

Certain organic conpounds, such as toul ene, benzene, phenol, chloroform
met hyl ene chloride, vinyl chloride, and dichloroethane have been commonly
used industrial chenmicals since the 1950s. The chlorinated hydrocarbons are
poorly degraded by natural processes and thus tend to persist in the
environment. For some, organ-specific toxicities have been established: the
latter include toxicity to the liver (hepatotoxicity), the kidneys
(nephrotoxicity), and the nervious system (neurotoxicity). And for others,
effect-specific toxicities have been established or are suspected: t he
latter include cancer induction (carcinogenicity), birth defect induction
(teratogenicity), and genetic effects (nutagenicity). Al of the conpounds
listed above ((a) - (g)) have been designated as hazardous wastes and
hazar dous waste constituents under published EPA regul ations, and are
contam nants within the meaning of the Safe Water Drinking Act. Many of the
other chemi cal wastes emanating fromthe landfill are known to be toxic and
are known or suspected carcinogens and teratogens.

THE LIKELY EFFECT OF THE CONTAM NATI ON ON WATER SUPPLI ES

Approxi mately thirty-five privately-owned hones are |ocated on the
nort heast border of the landfill. Those homes have been using private wells
for their water supply, drawing water from the Upper Cohansey Aquifer, with
wel I's screened less than 100 feet below the surface. Many private wells in
this area are contam nated by the leachate fromthe landfill. Private wells
to the east and northeast of the landfill are |ikely to encounter strongly
contam nated water if screened at depths of fifty to seventy feet below the
surface, and sonewhat |less polluted water if screened at higher or |ower
dept hs.

The Atlantic Gty public water supply systemincludes fifteen wells and
a reservoir. The reservoir is situated on a stream i ndependent of the
aqui fer systemin which the supply wells are screened. Ten operating wells
draw water from the Cohansey Aquifer; two other wells draw water fromthe

| ower Kirkwood strata, and are screened at a depth of about 675 feet. The
geohydrol ogi cal data place the dispersed front of the plume about 2,500 feet
east of the landfill, concentrated at about 40 to 70 feet bel ow the water

table. The plume is noving in the direction of four ACMJA wells which draw
water from depths of approximately 60 to 100 feet.

Those four wells produced about forty-one percent of Atlantic City's
daily water consunption during 1979 and 1980. Al are located in the
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direction in which the contamnant plume is flowing, and they all draw water
at depths of less than 100 feet bel ow the surface. They are therefore in
danger of serious contanmination by the leachate plume from Price's Pit.

The ACMUA wel |s punp between ten and eleven million gallons per day from
Sept enber to May, and approximately fifteen nmillion gallons per day during
summer nonths. During 1980, over ninety percent of Atlantic Cty's water
needs were satisfied fromthe wells, with the remaining ten percent comng
fromthe reservoir In 1979, Atlantic Cty began to experience difficulties
with the surface water provided by the reservoir: turbidity and color of the
surface water would have required expensive treatnment. Because this problem
persists, the ACMJA has increased the use of well water and decreased its use
of the reservoir. Although it is possible for the ACMJA to return to greater
dependence on reservoir water, the city's present treatnent facilities cannot
adequately treat that water, so that greater reliance on surface water is not
an option for the ACMUA

Atlantic City has no other readily accessible alternate source of supply
shoul d these wells become contani nat ed. Salt water incursion and other
probl ens prevent increased reliance on the other wells in the system Nor
does Atlantic City have a nethod for treating Cohansey Aquifer water on line.
There are, of course, technologies for renoving organic chemical contaninants
fromwater, notably granul ated activated charcoal filtration, and they could
be added to the Atlantic City system at sone cost.

POSTSCRI PT

On Septenber 23, 1981, the U S. District Court of New Jersey denied a
governnent application for a prelinmnary injunction against the
owner -operators of Price's Pit, the Price famly and the A G A Partnership
whi ch purchased the site in 1979 (U S. versus Charles Price, 1981). The
government sought two forms of injunctive relief: (a) that the defendants be
required to fund a study to determne the extent of the problem posed by the
| eachate fromthe landfill, and (b) that they be required to provide an
alternative water supply to those private well owners whose wells are
presently contaminated. The court also denied the summary judgment notion of
the defendants. The matter is still under litigation.

A study of the Cohansey Aquifer by a consulting firm (Paul us,
Sokol owski, Sartor, undtated) was conmissioned by the Atlantic City Minicipal
Water Authority (ACMM). Included in this study is a nodeling project by Dr.
Gray of Princeton, and an assessnent of the available data on well
contam nation by the O H Materials Co. EPA and NJDEP are presently
considering a proposal by a private developer to build a |andscaped parking
ot over the landfill, to be used by enployees of the Atlantic City casinos.
Del ay in approving the request stens fromfear of explosions due to the

accurul ati on of unvented nethane and other gases from ongoing chem cal
processes in the buried dunp.
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MODELI NG TOXI CS TRANSPORT | N THE UPPER COHANSEY AQUI FER: A SEQUENCE OF
EXPERI MENTS

So much for a qualitative account of the Price's Pit episode. To go
further, and to think about what did and might have happened there in sone
disciplined way, we will need a nmodel. That nodel will be used to connect
rel eases into the Cohansey aquifer with contaninant concentrations at the
Atlantic City drinking water wells, and with human exposures to contaninants.

Begin with a | ook at the topography and geohydrol ogy (figure 8).
Price's Pit sits roughly one mle west of the sites fromwhich the Atlantic
City Municipal Water Authority punps nost of its drinking water. Those
production wells bear the generic |label ACin the figure. Typically, the
wells in service punp |large volunes of water--on the order of one mllion
gal | ons per day. Situated closer to the landfill, and for the nost part
northeast of it, are several privately-owned water supply wells, nost of
whi ch serve one or a few fanilies.

Suppose it were the case that the landfill was situated over an aquifer,
and that the separation between |landfill and aquifer was a relatively
permeabl e |ayer. Suppose further that waste from the landfill was free to
| each into the aquifer; finally, suppose that the direction of flow in the
aqui fer was eastward. Under all those conditions, toxic chemcals in the
| eachate could be carried into the private and public water supply wells, and
peopl e could be exposed to those chemicals in drinking water.

As we now know, all of these suppositions were, and are, accurately
descriptive of the Price incident. But to estimate actual or potential human
exposures requires either considerable information on, or heroic assunptions
about, the mechani sm by which toxics are transported fromthe source of
contam nation--Price's Pit, in this case--to the drinking water supply wells.
The serious and quantitative exploration of these phenonena, called
groundwater solute transport, is relatively recent. While there has been
considerable work on salinity transport, study of the nore difficult cases of
nonconservative and reactive toxic groundwater contamnants is |ess advanced
But several nodels, of varying conplexity and cost, are available, and it may
be easiest to organize discussion of our own choices around a brief
di scussion of sone features of those nodels.

Were information and conputation costless, we would nmap the aquifer in
consi derabl e spatial detail, establishing the boundaries of the confined
| ayer and measuring porosities and transmissivities throughout that |ayer.
Using that information, we would calibrate nmodel |V of table 14 for that
model can be used to conpute the transport of groundwater contaminant in an
aquifer with arbitrary boundaries, and in a flow pattern generated by
arbitrary recharge and punping patterns ("arbitrary" here of course neans
consistent with conservation of mass and Newton's Laws).

So much for that particular straw person. Conputation is not costless,

as a glance at the last colum of table 14 will remind us, and "information,"
particularly on an aquifer, neans drilling wells and sanpling from those
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wel I's, both expensive propositions. Gven those facts of life, how shall we
proceed?

There is a formal answer: statistical decision theory tells us to
choose a nodel for conputing damages by mnimzing expected costs, with the
rel evant cost concept involving both conputational and informational costs,
on the one hand, and the nore conventional costs associated, for exanple
wi th human heal th damages from the drinking of contam nated water, on the
other. Wthin that framework, the cost of choosing a particular nodel nust
include the cost of making wong decisions because of the sinplifications and
distortions associated with that nodel. In principle, we can ask ourselves
to make subjective estimtes of such costs.

Unfortunately, in practice we have alnost no basis for doing so. Sone
such basis can, we think, only be devel oped by working with this class of
models in a nore open and experimental way, at least initially. The nature
of the groundwater reginme is such that even rough nodels can provide
interesting information, for typical groundwater flow velocities are of the
order of one foot per day. At such flow velocities, it takes contaninants
injected into an aquifer underlying the landfill site depicted in figure 8
about five thousand days, or alnobst fourteen years, to reach the area to the
east and south in which the production facilities are concentrated. Such
sl uggi sh systens are relatively easy to nodel: think, for exanple, of the
very different surface-water flow regime, where flow velocities are four
order of magnitudes higher and where those flow velocities can change by
factors of ten or one hundred within a period of days.

Here then, is a plan for exploiting the groundwater nodels listed in

tabl e 14. We will begin by naking danage estimates with transport of
contam nant in groundwater-represented by the Wlson-MIler nodel (1). That
model is an analytical, as opposed to a nunerical, nmodel. This means that it

yields a closed-form expression for contam nant concentrations at any given
time (after the first infiltration of |eachate into the aquifer) and at any
given location within the aquifer. Mreover, it allows for representation of
two of the natural processes which can retard or indefinitely postpone the
arrival of transported contaminant at the drinking water wells: volatization
and retardation by adsorption can be represented by the choice of the
retardation factor paraneter.

But the Wlson-MIler nodel, |ike any analytical nodel, has severa
maj or defects. The first, and perhaps the nost serious, is the required
"distortion" of the aquifer boundaries. This is an intrinsic, as opposed to
an accidental and renediable, feature of analytical nodels in hydrol ogy.
What makes anal ytical solutions possible is analytically-specified, and
therefore highly idealized, boundaries. The second defect is the lack of
explicit representation of the deformation of the aquifer flow pattern by
punping fromthe Atlantic City Minicipal Authority supply wells. Return to
figure 8. Punping from nunicipal supply wells defornms the flow pattern, even

if that flow pattern, when undisturbed, is approximtely undistorted flow
eastward, with the flow velocity uniform over the whole flow field.
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Table 14. Goundwater Solute Transport Mbdels
: Sol ute Def or mati on of -
Anal ytical or . . . Appr oxi mat e
Model NuITer i cal Di mensional ity Transport Fl ow Pattern Cost Per Run
I ncl uded by Dunpi ng
I
W son and Anal yti cal Two- di mensi onal Explicitly No $5
Mller (1978)
11
Prickett and Nuneri cal Two- di mensi onal No Yes $20
Lonnqui st (1971) (Finite
Di fference)
11
Wlson (1979) Nurrer i cal Two- di nensi onal No Yes $50
(Finite
Di fference)
IV
Koni kow and Nurrer i cal Two- di nensi onal Yes Yes $100
Bredehoeft (1978) (Finite

Di fference)




It happens to be the case that the geonetry of the aquifer underlying
the Price's Pit area, the Cohansey aquifer, is very close to the idealized
geormetry for which the Wlson-MIler analytical solution is derived. The
Wlson-MIler nodel assunes flow in an infinite, perfectly-mxed, aquifer
confined between horizontal and relatively inperneable surfaces.
Fortuitously, that seens to be the configuration of the Upper Cohansey
aquifer, as we shall shortly see.

But the second defect, or linitation, of the Wlson-MIler nodel is nore
serious. It does not allow for the representation of punping; put another
way, it can be expected to be very accurate only where punping rates (from
supply wells in the aquifer) are small enough, relative to flowrates, to
all ow neglect of punping rates in conputing contaninant concentrations.

That argument is not decisive against the Wlson-MIler nodel; it sinply
neans that we should explore a range of nodel paraneters sufficient to
"cover" the effects of pumping. In fact, the Wlson-MIler nodel is so
conveni ent conputationally, and based upon geonetric assunptions so close to
those characteristic of the Cohansey aquifer, that we can nmake excellent use
of the order-of-magnitude estimtes derived from that nodel.

Nevertheless, we will eventially have to confirm even at substanti al
additional conputational cost, that those order-of-nagnitude estimtes are
robust . To do so, we will have to conpute contami nant concentrations wth
one or nore of the nodels which do allow for deformation of the flow field by
punping from supply wells. Again referring to table 14, that neans either
the Prickett and Lonnquist (1971) model or the Koni kow Bredehoeft (1978)
model . The Pricket nodel lacks an explicit representation of solute
transport; that |eaves us with the Koni kow Bredehoeft nodel. W note that we
want to exploit that nodel for reasons that go well beyond checking the
predictions of the Wlson-MIIler nodel. For certain conponents of total
damage from a groundwater Incident, there nay be inportant interdependencies
bet ween punping rates (fromthe public supply wells) and exposures: t he
faster water is punped from those wells, the nore rapidly contam nants are
drawn into the area of the aquifer underlying the wells, and the greater the
risks of human exposures. And in the nonths and years after contam nation is
di scovered and recogni zed as a problem some remedial neasures--including
punping from the aquifer--may be feasible. Both of those effects can only be
represented in a nodel with the features of the Koni kow Bredehoeft nodel.

Here, then, is a rough sketch of our strategy for nodeling the Price's
Pit incident, and for conputing the damages associated with this and sinmilar
incidents. W will begin with the Wlson-MI|ler nodel, conputing contam nant
transport and danages. Wth the results of that conputation in hand, and
using those results for guidances, we wll expand our danmge conputations,
usi ng the Koni kow Bredehoeft model, and including the effects of supply-well
punpi ng sequences and remedial measures.

AN OVERVI EW OF THE ANALYSIS

An overview may be hel pful in preparing the reader for what follows. In
the Price's Pit case, the source termis, to say the |east, highly uncertain:
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a glance at the appendix, or a nonent's reflection, is enough to enphasize
how little we know about what has been accepted for disposal at the Price

site, and presumably at other simlar sites. In fact, we have little nore
than the rough listing of the kinds of chenical substances that may have been
accept ed. Under the circunstances, we have chosen to work backwards. W

begin with observed concentrations of several chemicals at several wells
close to the Price site, and then estimate the source term that would have
been required to generate those observations. All of this, together wth
many qualifications, is found in the section on Adaptation of the
Wlson-MIler Mdel of chapter 6, and in the appendix.

In the course of that estination exercise, we wll have already used a
particular transport nodel: given those source-term estinates, we again
invoke that nodel to estinate tine profiles of exposure (to chenical
contaminants in drinking water) at particular wells. The nodel used, and the
nodel parameters selected, are discussed in the Mnetary Benefit Estimates
section of chapter 6. The anbient concentrations conputed, for particular
wel s drawing on the Cohansey aquifer and for particular tinmes, are described
in previously mentioned section on the Adaptation of the WIlson-MIler Mbdel.
Finally, taken together with dose-response and value of risk factors, we are
able to produce cost of human health risk estimates: those are given in the
Monetary Benefit Estinmates section of chapter 6.
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NOTES

1OutI ined in EPA's Methods for Chemical Analysis for Water and Wastes

and in Sanpling and Analysis Procedure for Screening of Industrial Effluents

for Priority Pollutants.

2Federal Regi ster, Novenber 28. 1980.
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CHAPTER 6

THE BENEFITS OF AVODING A PRICE'S PIT-TYPE | NClI DENT

[ NTRODUCTI ON

Figure 9 is a schenatic of the Price site topography and geohydrol ogy:
it is a caricature to aid visualization, and not a scale draning. A little
reflection on that topography and geohydrol ogy suggests why what did happen

m ght have been expected to happen. Rai nwater will eventually leach toxic
chemcals and heavy netals fromthe waste in the landfilled ground. Those
| eached wastes--or |eachate--will ultimately seep into groundwater, first

encountering the upper unsaturated groundwater zone and ultinmately entering
the zone in which there is very little air mxed with the water and sand--the
"saturated zone," or aquifer. And because the aquifer flows toward the
Atlantic City drinking water wells (and other drinking water wells in the
area), that contanination may ultimately affect drinking water supplies.

Note that, in figure 9, there are several saturated layers, or aquifers:
an upper layer, appropriately called the Upper Cohansey aquifer, is separated
by a relatively inperneable clay layer (or aquitard) fromthe Lower Cohansey
aqui fer. In fact, drinking water wells in the Price's Pit area draw upon
both Upper and Lower Cohansey aquifers for their supplies. Contamnation in
t he upper aquifer may or may not enter the |ower aquifer, depending upon the
perneability and extent of the separating |ayer.

W now know that the clay separating |ayer separating the upper and
| ower aquifers is relatively inperneable. But while this, and other features
of the Price area geohydrology, are critical for planning renedial neasures
at that site, our aimhere is damage estimtion. From that vantage point,
geohydrol ogi cal uncertainty is only one nore kind of uncertainty. So let us
set out a framework for danmge estination.

Figure 10 is the lottery that m ght have been constructed ex ante by a
| and-use pl anner contenplating the licensing of landfill operations at
Price's Pit. Leaching might, or mght not, have occurred: had the Pit been
properly lined, the incident might have been avoi ded. In the event of
| eaching, contami nation of the upper aquifer mght have been detected | ong
before drinking water supplies becane contamnated. |In that event, renedial
neasures to protect the city drinking water supply wells nmght have been
taken. Anong those measures are punping and recharge operations to limt the
spread of the leachate plume toward the aquifer, or the resort to alternative
(and presunably nore expensive) sources of drinking water.
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Figure 10. The Price's Pit
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If contam nation of the upper aquifer went undetected for some period,
hunman exposures to contaminants in drinking water woul d have extended over
the period between the tinme at which contamnants reach wells to the tine at
which wells are closed for drinking. Along this branch of the tree of figure
10, both the costs of those hunan exposures and the costs of required
remedi al nmeasures would be incurred.

We can now describe our framework for dammge estinmation: we wll
estimate the cost of bearing the lottery depicted in figure 10, and then
identify that cost with the benefits of a policy which mght have prevented a
Price's Pit type incident. The principal damage conponent we will estimate,

in what follows, is the human health damage conponent. To do so, we need a
way of translating the first event in the tree--releases of |eachate from the
landfill and into the aquifer--into contanm nant concentrations at the wells.

In other words, we need a npodel of contaminant transport in groundwater.
ADAPTATION OF THE WLSONM LLER MODEL

For the reasons given in chapter 5 we begin with the analytical nodel
of groundwater solute transport derived by Wlson and MIler (1978). That
model is a two-dinensional, vertically-averaged nodel of contam nant
transport in an infinite aquifer with plane-parallel confining boundaries.
Specifically, if at time zero sone particular contam nant begins to |each
into the aquifer at a rate of f_ pounds per day, then contam nant
concentration at point (x, y) in the aquifer, and at time t, c(x, vy, t), is
given by:

X
+4 [/ £ " exp 3m
c(x, y, t) = 1.603 x 10 < m ?)W(u, (6.1)
m U (D 2
mn( ny)
in which
DX = Cxxv
Dy = (y,yV
B = 2DX/V (6.2)
= 1+ (2BV)
- 2 2 Y
r L(x% + y°D, /D )]
1/2 -5 —2u
Wu, &) = (TB) exp(- &) erfe -‘L——) (6.3)
B 2r B 2ul/2

Here erfc is the conplenentary error function, defined in terms of the error
function
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B 2
erf(g) = 2 fe® d 2
by the equation 0
erfe(B) = 1 - erf(R)

Moreover, the retardation-adjusted dispersivities and velocity are defined,
in terns of the unadjusted dispersivities and velocity, by

Dx = Dy/Ry
Dy = Dy/R, (6. 4)
v = V/Rt

The variables appearing in equation (6.1), and their units and typical

ranges, are summarized in table 15 bel ow In that table we |list both the
original paraneter names and the corresponding nanmes in our FORTRAN
i mpl ementation of the Wlson-MIler nodel. Qur list is shortened by an

assunption: we take the Upper Cohansey aquifer in our didactic Price's Pit
incident to be spatially honbgeneous, so that dispersivities in the x and vy
(directions) are equal.

More inportant than any very detailed understanding of the derivation of
equation (6.1) is sonme rough understanding of how that solution is likely to
depend upon a few key paraneters and variabl es. For, like any nodel of a
conplicated real-world geohydrology, this one is an approxi mation, capable at
best of giving us good order of magnitude estinmates of contani nant
concentrations. The key paraneters for our purposes are £7(SOURCE), m
(TRICK), v (VEL), and n (POR). From equation (6.1), note that concentrations
are linear in f£’: the Wlson-MIler nodel assunmes contamnant inflow (into
the aquifer) at- a constant rate, beginning at time zero, and proportional to
f’. Next note that the paranmeter m (TRICK) is a constant because of the
assunption (underlying the Wlson-MIler nodel) that the aquifer boundaries
are infinite parallel planes: that assunption happens, fortuitously, to be a
good representation of what we know of the Upper Cohansey aquifer in the
Price's Pit area. The paraneter velocity v (VEL) is a constant under the
model assunption of constant aquifer flow velocity in the x direction: this
may be a good approxinmation to the flow pattern in the Cohansey aquifer in a
| ow- punping regime, but cannot be expected to be nuch better than an
or der - of - magni t ude approxi mati on when punping rates are high. Finally, the
porosity n (POR) tells us what fraction of the aquifer consists of voids
t hrough which water can travel. For a honmbgeneous aquifer, which the Upper
Cohansey seens to approxinmate, porosity is relatively easy to neasure.

NOW |l et US begin our exploration of one branch of the Price's Pit
lottery of figure 10. The particular branch we want to explore, with the

help of the Wlson-MIler mdel, is one along which individuals are exposed
to toxic chemicals present at relatively |ow concentrations in drinking
water. In the actual Price's Pit topography (figure 9), numerous private
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Table 15. Variables and Units for an Inplenentation of the Wlson-MIIer

(1978) Solute Transport Mbdel
FORTRAN
Par anet er . . Assumed
(Original Uni't Meani ng Val ue
Name)
TH CK Feet Thi ckness of 50 feet
(m Upper Aquifer
Aqui fer-
Specific VEL Feet / day Aquifer flow 1 ft/day
Parameters (v)
POR Pure Nunber Aqui fer 0.3
(n) Por posi ty
SCQURCE Pounds/ day Mass Pol | ut ant (Benzene)
() 7,700
| bs/ day
Pol | ut ant - A Feet Longi tudi nal (and 100 feet
Specific (o) Hori zont al )
Par anet ers Di spersivity
R Pure Number Ret ar dat i on 1.0
(Rt) Fact or
SX, SY Feet Space Gid N. A
Step Size
Model Run-
Specific
Par anmeters
ST Days Time Step 1 year
Size
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drinking wells stand between the landfill site and the Atlantic city
Muni ci pal Water Authority supply wells. Because contam nant concentrations
reached high levels in the private wells, the existence of a problem was
recogni zed long before contamination of the Atlantic Cty public supply wells
posed a threat to human health. The long | ag between recognition and public
supply-well contamination is a sinple consequence of the |ow (advective)
transport velocities characteristic of groundwater flows.

But not all sites will share the particular feature that led to early
recognition of the difficulties a Price's Pit. Thus the lottery of figure 10

i ncl udes branches al ong which such recognition does not occur. I ndeed, the
princi pal damage contribution may lie along a branch for which recognition
occurs only after there have been substantial human exposures. That can

happen because concentrations at the parts per billion level are difficult to
detect, even with the current tool kit of field-grade analytical chemstry.

For an idea of how gradually contam nant concentrations in drinking
water can increase even when |eaching rates into an aquifer are very high,
consider tables 16 and 17. Both have been calculated, from the Wlson-MIler
nmodel, for a "reference" source of contam nant equal to the injection of 0.1
pounds per day into the aquifer near the origin of the coordinate grid, the
location of the landfill. Note that even at the Johnson well site, situated
at coordinates (400, 900) feet fromthe center of the landfill, the buildup
of contam nant concentration is remarkably slow at ten years (or 3,650
days) after contamination begins, the anbient concentrations at the Johnson

well site is only 6.45 parts per billion. The concentrations at the
production well called AC-2, which is located at coordinates (4850, 1850),
are of course considerably smaller. Note that a level of greater than 6

parts per billion is reached only after about twenty years.

Thi s remarkably slow buildup of contam nant concentration gives rise to
the branch of the Price lottery tree that may contribute the highest, damage
component: the branch along which there are long-term unrecognized,
| ow | evel exposures. The conputation of those exposures is, in principle,
fairly routine, and involves the following steps. First, for each chemcal,
we use actual observations on that chemical at wells near the Price site to
calibrate the Wlson-MIler nodel. That anounts to fixing the only free
paranmeter, the source term Then we conpute a tine profile of exposures from
all wells, extending over the period between the time at which the aquifer is
first contamnated to the tine at which drinking water from the aquifer is
pr ohi bi t ed. In a nonent we will present the results of that calcul ation;
before we do, we warn that things are not as sinple as they seem In
particular, we really know very little about the source term and the |eap
fromthe data evidence--the concentrations of contaminants observed in wells
around the Price's Pit area--is a long one. In using the Wlson-MIler nodel
to reconstruct an exposure tine profile, we are assum ng that contam nant
| eaches into the aquifer at a constant rate. This may be approximtely true
for some contam nants, but for others it will alnmost certainly be true that
releases into the aquifer wll be intermittent, giving rise to
"slugs"--regions of the aquifer bearing substantial anounts of some
contam nants, and advected by groundwater. Such slugs may pass well screens,
tenporarily polluting water drawn from those wells, and then pass on.
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Tabl e 16.

Cont am nant Concentration at Johnson Wl |l

Ref erence Source of 0.1 Pounds Per Day

Versus Tinme for

Ti me Cont ani nant
( Days) Concentration
(Parts Per Billion)
365 0. 056
730 1.301
1,085 3. 058
1, 460 4,178
1,825 4,739
2,190 5.024
2,555 5.235
2,920 5. 490
3,285 5.870
3, 650 6. 445
4,015 7.299
4,380 8. 550
4,745 10. 377
5,110 13. 068
5,475 17.099
5, 840 23. 268
6, 205 32.970
6,570 48. 707
6, 935 75. 122
7,300 121. 166
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Table 17. Calcul ated Contaminant Concentration at Atlantic Gty Well AC2
Versus Tinme, for Reference Source of 0.1 Pounds Per Day

Ti me Cont am nant
Concentration
(Days) (Parts Per Billion)
356 0. 000
730 0. 000
1,095 0. 000
1,460 0. 000
1,825 0. 000
2,190 0. 000
2,555 0. 000
2,920 0.011
3,285 0.071
3, 650 0.271
4,015 0.721
4, 380 1. 470
4,745 2. 463
5,110 3.563
5,475 4.620
5, 840 5.524
6, 205 6.230
6,570 6. 741
2,935 7.098
7,300 7.352
7, 665 7.558
8, 030 7.766
8, 395 8.022
8, 760 8. 368
9,125 8. 850
9, 490 9.517
9, 855 10. 436
10, 220 11. 694
10, 585 13. 416
10, 950 15,786
11, 315 19. 078
11, 680 23.716
12, 045 30. 367
12,410 40. 104
12,775 54.702
13, 140 77.173
13, 505 112. 777

100



Sonmetime we hope to do a calculation of exposures from such slugs; for
now, we return to the nore tractable situation in which continuous injection

of contamnant into the aquifer at a constant rate is assumed. To sone
extent, we "elimnate" slug phenonena by including in this first calculation
only those contami nants observed at several wells. If a contaminant is

observed at many wells, sone of which are separated by several hundred feet,
then there very likely is a contaminant plume spreading. O the 129 priority
pol | utants whose concentrations were nmeasured at Price's Pit and in the
surrounding wells, at least those listed in table 18 seemto fit this picture
of plume transport.

For the chemicals listed in table 18, the source term in the
Wlson-MIler nodel has been calibrated by assuming that the concentration
observed at the indicated well represents the ten-year concentration reached
at that well. The corresponding source terns are listed in the last colum
of that table. Those nunbers indicate how many pounds per day of the
contani nant in question nust enter the aquifer in order to produce the
i ndi cated concentration

G ven that source term we can conpute concentrations, at any well
drawing on the aquifer, for any time after contaninant enters the aquifer.
W have conputed those concentrations for the wells from which the Atlantic
Gty Minicipal Water Authority punps its water, and for the Johnson wells,
for all of the chemicals listed in table 18. The results are exhibited for
two arbitrarily chosen chemcals (4, benzene, and 68, Di-n-butyl Phthalate),
in tables 19 and 20. In each table the concentrations of the chemical in
question are given, by well and tine: concentrations are in parts per
billion, and time is given in one-year intervals, from year one (365 days) to
year 20 (7,300 days). For exanple, water drawn fromwell AC2 one year after
the__first seepage of leachate into the Upper Cohansey aquifer has 0.170 x
10™37 parts per billion of benzene (effectively no benzene), but that
concentration builds up to 2.1 parts per billion in year 10

Then, by conbining those conputed concentrations with our exposure and
dose-response assunptions, we can calculate increnental individual annua
nortality risks per year over the remaining lifetinme after the twenty-year
exposure. Since we have high and |low toxicities bounding the "true"
dose-response function, we report the corresponding high and | ow increnenta
individual risks. Again, we enphasize that the reported figures are annua
increnmental nortality.

There is a small, two-entry colum, headed "risk," in both tables 19 and
20. Those entries are popul ation-risk aggregates, with the popul ati on at
risk, about 40,000 individuals, exposed over the twenty-year period to a
production-wei ghted average benzene concentration. The weights are of course
the shares of the individual drinking water supply wells in total production.
Finally, note that the |ow and high risk figures differ for benzene in table
19, but are identical for di-n-butyl phthalate in table 20. This is because
the low and high toxicity estimates for the latter chemcal are essentially
identical, inplying considerable scientific confidence in that nunber. But
the | ow and high estimates for benzene differ by about a factor of three,
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Tabl e 18. Suspected Contami nants,

Upper Cohansey Aquifer Plune From Price's Landfill;

Concentrations in Parts Per Billion
chern cher cal oo wToc el @%Snetvrg?eﬁ o mute source,
(4) Benzene 6.6 2.3 JOHNSON2 48.0 . 745
(7) (Mono) Chl or obenzene 488. 0 20.0 EPALA 27.0 . 055
(10) 1-2- Di chl or obenzene 9.4 9.1 JOHNSON 20.0 . 310
(13) 1- 1- Di chl or oet hane 0. 066 0. 066 EPALA 53.0 . 108
(23) Chl orof orm 2.4 1.9  EPAIA 68.0 .138
(Trichl oromet hane)
(44) Hal onet hanes 1.9 1.9 JOHNSON2 15.0 . 233
(68) Di -n-butyl Phthalate 3,000.0 3,000.0 EPALA 16.0 . 033
(87) Trichl or oet hyl ene 33.0 27.0 C6 12.0 . 143
(88) Vinyl Chloride 20.0 2.4 EPALA 76.0 . 155




Table 19. Benezene Concentrations! Versus Time and Aggregate Incremental

Mortality Riskz, Atlantic City Production Wells and Johnson

Well

T T RISK AC2 ACH AC8 T AC13 T UBANSON T
LOW RISK  0.104€+02 0.155E<23 0.161E-03 0,2226-03 O0.4T4€-03 0.134£-02
HIGH RSK  0.300E402 0.444E-03  0.462E-03 0.636E-03 0,136E-02  0.384£-02

_ COMCENTR AT, 365, 0.170E=37 _ 0,294E=35 _ 0,233E=39__ 0.158E-26 __0.435E+00
CONCENTR AT 730, 0.103E-22 0.984E-21  0,166E-23  0.394E-12  0.101E+02
COMCENTR AT 1095, 9.194E-14  0,%41F-13  0.417E=15  0,962F-07  C.237E+02

" CONCENTR_AT 146G, 0.3316-09  0.734€-08 _ 0.101E-09 _0.266F-03  C.323E+02

CONGENTR AT 1825, 0.P15E-06 0.964E-05 0.377E=06  0.265€-01 0.367E+02
CONCENTR AT 2190, 0.176E-03  0.109E-02  0,995E-04  0.465E+00  0.339E+02

__CONGCENTR AT 2555. 0.672E-02  0.268E-01 _ 0.474E-02  0.299E401  C.405E+02
COMCENTR AT 2920, D.R74E-01 0,250E+00 0,7305-01 0.103F+02  0.425E+02
CONCENTR AT 3285, D.552E+00 0.122E401  0.526E+00 0.237F+02  0,454E+02

__CONCENTR AT 21650, 0.210E+01  0,381E+C1  0.,222E+01 _ 0,615E+402  0.499E+02
CONCENTR AT 4015, 0. 55EE+C1  O0.R6SE+01  0.641E+Ql  0,602F+0Z  0.565E402
CONCENTR AT 438C. 0.114E402 0.156E+02  0.140E+02  0.769F402  0,662E+02
CONCENTR AT 4745, 0.1916402  0.236E+C2  0,247E+02  0.P0EE+02  0.803E+02
CONCENTR AT 5110, 0.276€402  0.315E+02  0.372E402  0.989€+02  0.101E+03
CONCENTR AT 5475, 0.350E402 0.385E+02  0.499E+492  0.105E403  0.132£+03
CONCENTR AT 5840, 0.420E+02  0,4396¢02  0.513E+02  0.109F+03  0.130£+403
CRNCENTR AT 6205, 0.482E+02 0.6798+C2  0.705E432  0.112E+02  C.235E+03
CONCENTR AT 6570, 0.522E402  0.5G6E+02  0.773E+D2  0,116F+02 - 0.377F+03
COMCENTR AT 6935, 0.5S0E+02  0.526E*02  0.7226402  0.120£+4¢)  0,532£+03
CONCENTR AT 7300 0.569E402 0.541E402  0,956€402  0,127F+03  C.I3RL+03

Notes for Table 19:

(1) Concentrations in parts per billion.

(2) Aggregate incremental mortality risk is individual incremental
mortality risk times the population at risk.
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Table 20. Di-n-butyl Phthalate Concentrations’ Versus Time and Aggregate
Incremental Mortality Riskz, Atlantic City Production Wells and
Johnson Well

AC13

RISK ACZ AC# ACA JOHNSON
LOW RISK  0.966E-03 0.143E-07 0.149F-07 0.205€-07 0.438(-07 0.124E-06
HIGA'RSK  G.968F-03 0.163E-07 0.,18SE~07  0.205E~07 0.438€-07 0.124E-06
TCORCENTR AT 365, 77 0.713E-39 ~ 0.103F-36 §.979€-30  0.664C-38 9.i83E-01
CMUCENTR AT 730, 04433E-24  0.414E=-22 0.698E-25 0.165E-14  0.426E400
CONCENTR AT 1095, 0.817€~16  0.396E-14  0.175E-16 0,405F=08 0.796E+00
" CGNCENTR AT {aéc, 0.1395€-10 0.309E-09 0.423E-11" 0.1118-C4 ~C.134E+01
CONCENTR AT 1825, 0.3726-07 0.405E~06 0.159E=07 0.112E~02  0.154C+01
CONCINTR AT 2190. 0.741€-05 0.456E-06 0,418E=05 0,196f-01 0.164E+01
© CONCENTR AT 2555, 0.283E-03 0.1136-02 0.199E-03  0.126f+00 ~0.1700+01 ~
COMCENTR AT 2920. 0.2ABE-02  0.105E=01  0.307E=22  0.433E+0C 0,179E+01
COMCENTR AT 3285, 0.232E-01  0.514E-01  0.221E=0}  0.996F+4C0 0.191E+01
"TCOMTENTR AT 36%0. 0.RREE-01  0.160E+00 0.934E-01 O.174f+Cc1  0.21iCE+01
CONCENTR AT 4015, 0.235€+00 0.364E+4C0  0,270E+00 0,253F+G1  0,23BE+01
CMNCENTR AT 4380, 0.479E+00  0.,6564E+00  0.587S+430  0,323F+01  C.27BE+0C]
" CCHCENTR AT 4785, 0.G02E*G0  0.992E+00  0.106E*JD1  0.37BL+C1  0.338E+0T
CCNCENTR AT <110, 9,116E+01  0.133E+G1l  0.157E+01  0,416E+01  C.425E+01
CONCENTR AT 5475, 0+150E+401  0.162E401  0.210E401  0.441F+C1  0.5STE+OL
CONCENTR AT 5840, 0.180E+0T  0.185E%01  0.25BE*01  0.459(+C1  0.7378%01
CONCENTR AT 520%5. 0.203E401  0.271E+C1  0.296E#%01  0,473F+C1  C.107E+02
CONCENTR AT 6570, 0,219E+401  0.213C+01  0.325E+471  0.4RTE+C1  0.1577+02
CONCENTR AT 5375, 0.231E3CT 0.7718%CT ~ 0.386E+0I ~ 9.5060301 CT.355E+02
CGMCENTR AT 7300, 0.229E401  C.277F+C1  0,3605¢01  0,F32F+01  C.394E+02

Notes for Table 29:

(1) Concentrations in parts per billion.

(2) Aggregate incremental mortality risk is individual incremental
mortalify risk times the population at risk.
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accounting for the spread between the corresponding |ow and high risk
estimates.

In table 21, we bring together all low and high risk estimates for all
chemi cals and all wells. And by taking the production-weighted well
concentrations, multiplying by the population at risk, and sumri ng over
wells, we arrive at |ow and high estimates for total annual increnental
nortality risk. Agai n, those figures represent increnents, over the
populatlon at risk, n nortality risk per year. The low figure is 0.17 x
1073 and the high figure 0.202 x 10+3

MONETARY BENEFI T ESTI MATES

From those aggregate annual nortality risk estinates, a sinple
mul tiplication by the value of increnental nortality risk gives us the
"unwei ghted" cost of bearing the risk associated with the lottery. Those
mul tiplications are done, and the results summarized for inspection, in table
22. For illustrative purposes, let us focus on a particular set of values
that we find reasonable: t hose corresponding to the value $1.00 x 10+ for
incremental annual nortality risk. Wth that yalue, the range %f unwei ght ed
costs of risk bearing Iies between $0.17 x 10*® and $0.202 x 10*S.

Those val ues nust be weighted by release probabilities to arrive at the

standard nmethod estinate of the cost of bearing the risk associated with the
Price's Pit lottery., Let us take, for illustrative purposes, the relatively
hi gh figure of 10=3 for the relevant event: renenmbering that the event is
"contamination of drinking water supplies, wthout detection and with human
exposur es througgh drinking water, for many years," the reader w Il perhaps
agree that is a high subjective probability. Then the rel ease-
probability weighted estinmates of the cost of risk bearing lie between $0.17
x 10+° and $0.202 x 10*°. Annual expenditures this large would be warranted,
under the standard theory of the cost of risk bearing, if they can prevent a
Price's Pit-type incident. Discounting that stream of expenditures at 10% a
capital expenditure of about two nmillion dollars would be justified if it
could, with certainty, prevent. such an incident.

| MPLI CATI ONS AND CONCLUSI ONS

In closing our analysis of this incident, let us reenphasize the nany
assunptions upon which our work depends. Particularly inportant are our
assunptions about the source term and our related nethod for conputing human
health exposures from that inputed source term As we have enphasized in the
above two chapters, there are nmany nore contanmi nants than the ones for which
we have inputed sources, and then human exposures. In fact, the contam nants
we have worked with are precisely those whose concentrations, over time and
over wells, seem consistent with the story we have told of steady
infiltration into the aquifer, at a constant rate.

But those are only a fraction of the contami nants detected at many
pl aces in the Cohansey aquifer during the sanpling program The others
behave in ways suggesting that they are noving through the aquifer in slugs,
i.e., as localized areas of contamination. Needless to say, exposure to
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Table 21. Incremental Individual lMortality Risks by Chemical and Well

Chemical Well

Number { Name AC2 ACSh ACS AC1) JOHNSON ,
@ henrenc 0.155 x 1072 0.161 x 2073 0.222 x 107} 0.474 x 107} 0.134 x 102

et 0.444 x 10=%  0.462 x 107> 0.6% x 1073 0.136 x 1072 0.384 x 10
(1) (Mono) Chlorobenzene 0.148 x 1075  0.155 x 1070 0.213 x 1070 0.454 x 1075 0.128 x 107

0.362 x 10 0.377 x 10> 0.519 x 10>  0.11L x 107" 0.313 x 10
-4 -4 , -4 -3 -3

0.435 x 10°% 0.453x107% 0.623 x 107* 0133 x 1073 0.376 x 10

. v - .y / oy | - -
(10)  1-2-Dichlorobenzene  o'\i0 1074 0468 x 1077 0.644 x 107 0.138 x 100 0.388 x 1070
-2 -2 -2 -2 -1

0.215 x 1072 0.224 x 1072 0.309 x 1072 0.660 x 1072 0.186 x 10
(13)  1-1-Dichloraethane 0.215 x 1002 0.224 x 1072 0.309 x 1072 0.660 x 107> 0.186 x 10°}

- _4 - - _
(23)  Chloroform 0.760 x 1074 0.792 x 107" 0.109 x 107} 0.233 x 107} 0.657 x 1073
4 -3 -3 -3 -3

(Trichloromethane) 0.960 x 10 0.100 x 10 0.138 x 10 0.294 x 10 0.830 x 10
i) Talomethane 0.161 x 1073 0.168 x 1073 0.230 x 107} 0.494 x 107} 0.140 x 10,

" alomethanes 0.161 x 10 0.168 x 10 0.231 x 10 0.494 x 10 0.140 x 10
(68)  Dlow-butyl Phthalate O0-143 X 1077 0.149 x 1077 0.205 x 107 0.498 x 107} 0.126 x 1078

n-butyl Fhthalate 5144 x 10 0.149 x 10 0.205 x 10 0.143 x 10 0.124 x 10
(87)  Teichlocoethy! 0.573 x 1072 0.597 x 1075  0.821 x 107, 0.175 x 107,  0.495 x 1074

richloreethylene 0.700 x 10 0.729 x 1077 0.100 x 10 0.214 x 10 0.605 x 10
-4 4 -4 -4 -4

0.102 x 10%  0.106 x 107*  0.146 x 107*  0.312 x 107*  0.881 x 10

o/ -y - - -
(88)  Vinyl Chloride 0.849 x 107 0.885 x 107" 0.122 x 1070 0.260 x 107 0.73 x 10>




Tabl e 22. Unwei ghted Costs of

Ri sk Beari ng,

Price's Pit Lottery

Unwei ght ed Cost of

Ri sk Beari ng
Val ue of Risk Low H gh
10+4 0.17 x 107 0.202 x 107
10+5 0.17 x 108 0.202 x 108
10+6 0.17 x 109 0.202 x 109
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contam nants via well water drawn while a slug is passing the well screen can
be hazardous to your health. Qur neglect, on the grounds of conputational
difficulty, of all these contam nants noving in slugs virtually guarantees
that our health effect estimates are serious underestimates.

That argument further highlights the significance of our rather |arge
cost of risk estimates. Taken at face value, those estimtes would justify
substantial expenditures on nmonitoring to insure against |ong-term exposures
to contam nants in drinking water drawn from aquifers. In effect, such a
program woul d be a way of buying reductions in the probability of an episode
of this kind. Fromour calculations, it is in fact very easy to reconstruct
an inputed willingness to pay for reductions in the probability of an episode
of this kind. Rel ease probabilities are, as we have argued in chapter 2,
both difficult at best and subject to enornous subjective variation at worst.
For that reason, couching our results in this form may nake them nore useful
to planning commissions or boards charged with facility citing conditions.
In siting waste disposal facilities, the inmportant question about any

particular condition or provision is how much safety we are buying, and at
what price.
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CHAPTER 7

THE CHEM CAL CONTRCL | NCI DENT

THE | NCI DENT

On April 21, 1980, an explosive fire at the Chenical Control
Corporation's Elizabeth, New Jersey hazardous waste treatnent facility sent a
toxic mxture of gases and chemical particulates into the atnosphere
Fifty-five gallon druns containing a variety of chemicals rocketed two
hundred feet in the air before they burst due to the intense heat.
Tenperatures reached 3,000° F., nelting and fusing containers. An estimted
50, 000 drums of hazardous waste burned for nore than ten hours before the
Elizabeth fire departnment was able to bring the fire under control at 9:15
a.m During the fire, a plune of noxious snoke and ash blanketed a fifteen
square-mle area northeast fromthe site. Concern over the possible health
effects of exposure to contanminants in the plume pronpted the New Jersey
Department of Environnental Protection to issue an advisory urging residents
to stay indoors. The plume fromthe fire threatened to expose 15 million
residents of New Jersey and New York City to noxious smoke. (Figure 11 shows
the area at risk within twenty kiloneters of the Chemical Control site.)
Many believed that only favorable atnmospheric conditions, tending to direct
the contami nants over waterways, prevented a much nore serious incident.

Chemical Control, incorporated as a "hazardous waste treatnent
facility," charged other firms $50 to $200 a drumto accept their dangerous
wastes for incineration. In 1972, the conpany was given a five-year

operating permt when its incinerator passed state air quality tests. After
a few years of operation, the efficiency of the incinerator declined, and the
contracted barrels of waste began accumul ating on the site. During 1976 and
1977, Chemical Control's owner-operator, WIliam Carracino, apparently began
“mdnight dunpings" of the hazardous wastes around the city to help of fset
the buildup of inventory at the site. The state attorney general's
i nvestigation of, the alleged dunpings led to Carracino's indictnment and
convi cti on. In 1977, he was sentenced to two consecutive three-year terns
and fined a sum of $21, 000. The conpany pl eaded guilty to the, charge of
operating without all necessary pernmits and was fined to $75, 000. I'n 1980,

a three-judge panel refused, on appeal, to overturn the three-year termto be
served by Carracino (Sullivan, 1980)

At the tinme of his indictment, Carracino sold Chenmical Control to Eugene
Conl on and John Al bert. They in turn appointed Wlliam Colleton as the new
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Figure 11. Map of 20-Kilometer Area Surrounding Elizabeth, New Jersey
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presi dent. VWhen Colleton took over Chemical Control, there were nore than
30,000 barrels stacked haphazardly across the site extending all the way out
to the Elizabeth River (Winberg, 1980). The state administrator of Solid
Waste required the new owner (1) to elimnate the barrels that had built up
on the site at a rate of 1,200 per nonth, (Winberg), (2) to inventory and
| abel all on-site druns, and (3) to incinerate all burnable waste. But the
adm nistrative order did not bar the acceptance of further contracted wastes.

The New. Jersey- Bureau of Hazardous Wastes investigated the Chenical
Control site in January of 1979 and found that the new owner had failed to
conply with the aforementioned agreenent, and had conpounded the problem by
expanding the inventory to over 50,000 drums (Regenstein, 1982). Those druns
were stacked four and five high; nmany were rusty and | eaking. Dr uns
containing chemcals that would react explosively with one another were
stacked toget her. The site was recognized as an explosion hazard a year
before the incident occurred. "Health officials reported that enough poisons
and pesticides had been noted on the premises to provide a mnimml ethal
dose to all of Staten Island and |ower Manhatten in the event of a fire at
Chemical Control Corporation" (Raab, 1980). In 1979, Carracino admitted that
the site contained one thousand 55-gallon druns |aden wth dioxin. In its
pure form three ounces of dioxin in New York's water supply could Kill
everyone in the city (Nordland & Friednman, 1979).

The Bureau of Hazardous Waste's investigation led to the suit filed
agai nst Chemical Control and its parent conpany, the Northern Pollution
Control Conpany of New York. The owners of Chemical Control, Conlon and
Al bert, clained that their conpany did not have sufficient funds to perform a
cleanup. The Chemical Control records at the tine showed only a few thgusand
dollars, so the state put the conpany in receivership (Winberg, 1980).

The Chemical Control site was condemmed in 1979, and a private
contractor, Peabody Coastal Services, was hired to clean up the area.
Bet ween 8, 000 and 10,000 barrels of highly toxic and expl osive substances
were renoved prior to the fire. Wthin the first three and a half nonths of
the operation, 5 pounds of radi oactive  substances, 10 pounds of
di sease-bearing material, and nearly 400 pounds of explosive material were
r enmoved. The expl osives al one woul d have been enough to denplish the
buil ding conplex area, and could. have denolished and ignited nearby petrol eum
tank cars (Birns, 1979). Many of the acutely toxic chem cals--including
benzene, cyanide, military nerve gas, PCB's and nitroglycerine--were renoved
prior to the fire. Fi nanced by the New Jersey Spill Conpensation Fund, the
costs of this operation ranged between $11 and $13 nillion.

Al though 8,000 to 10,000 druns of the npbst hazardous of naterials were
removed prior to the April 1980 fire, an estimted 50,000 barrels renmined at
the site. The chenicals known to be at the site during the fire included
insecticides, mercury conpounds, nitric and picric acids, benzene, toul ene,
solvents, plasticizers, alcohol, and ethylene dichloride. There is no
guantity inventory, however, of those substances; that makes assessnent of
heal th damages frominhalation of toxic funes difficult. It is possible that
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the intense heat of the fire may have neutralized sonme of the chemicals. On
the other hand, nmany firefighters, bystanders, and residents as far away as
Staten Island required treatnent for irritated throats, eyes, lips, and skin.
Sone also suffered tenporary loss of appetite, voniting, diarrhea, and eye
strain. Fire fighters and waste disposal workers were reported to be still
suffering from dizziness and diarrhea six nonths after the fire (Regenstein,
1982). The chronic effects of toxic and carcinogenic exposures nay take
decades to show up, and are therefore not likely to be attributed to the
Cheni cal Control fire

New Jersey officials clained that there was virtually no neasurable
contamination near the site following the fire, and air sanples taken during
the fire in fact showed anbient concentrations of the sampled chenicals to be
wel | below federal linmits for exposures over an eight-hour per-iod.3 On the
ot her hand, many toxic chemicals, including benzene, toul ene, chloroform
carbon tetrachloride, and nmethyl ene chloride were detected by the New Jersey
Departnent of Environnental Protection at levels significantly higher than
those neasured in the air sanples. Sanples taken from the adjacent Elizabeth
Ri ver also detected many known carcinogens, including pesticides that had
been barred from commerce for years Wi nberg, 1980).

Nearly $4 mllion has been spent by the U S. Coast Guard to treat
contam nated groundwater at the site. The state of New Jersey al one has
spent $5 nillion on the cleanup of the Chenical Control site. The O H
Materials Conpany, New England Pollution Control, and Rollins Environnental
Services, Inc. replaced Coastal Services as contractors in the post-fire
cleanup operation. An inspection of records on the Spill Conpensation Fund
conducted by the Newark Star-Ledger newspaper pointed to instances of
i nproper and careless handling of waste materials, inconsistent and inproper
authorization of billings by subcontractors, and inattentive and negligent
supervi sion of the cleanup operation by the New Jersey Departnent of
Environnental Protection (Jaffe, 1982).

MODELI NG THE TRANSPORT OF TOXICS FROM THE CHEM CAL CONTRCL Fl RE

The task of conputing human exposures to contaminants in the Chem cal

Control fire plune divides quite naturally into steps. In the first, we
estimate the source termprovided by the fire to the air transport nodel; in
the second we nodel the transport of that source material by the anbient air.
W will see that the first step is very difficult, in principle and in
practice, so that we will have to be satisfied with rough estimates. But the
second is relatively straightforward: establi shed nodels of plunme

transportation can be nodified to do the calcul ations.

Rel eases froma Fire: Conputational Problens and Heuristic Assunptions

The Chenical Control site was covered by stacks of drums containing
m xtures of unknown conposition. Si nce those wastes were confined in drums,
rel eases to the atnosphere of either the wastes or their conbustion products
required the rupture, by sone mechanism of the druns that were sealed. From
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pictures O the site taken during the fire, it seens clear that both
expl osive rupture of individual drunms and the rupture of druns in collisions
wi th one another occurred (see figures 12a and 12b). The startling pictures
of individual drums propelled tens of neters into the air are clear evidence
that, during the fire, substantial kinetic energy was inparted to individua
druns. At those kinetic energies, collisions leading to the rupture of
i ndividual drums clearly are possible.

Consi der, then, the problem of conmputing the source term contributed by
even an "idealized" Chemcal Control type fire. That conputation requires an
estimate of the distribution of kinetic and internal energies among druns, a
distribution of the spatial and tenporal pattern of releases from drums, and
an estimate of the level and conposition of conbustion products from the
associ ated fire.

That detailed conputation will probably never be done. No good
inventory of the types, quantities, and locations of materials at the site
during the fire exists that mght otherwise serve as a guide to a
reconstruction of the conbustion process. Even if a conplete inventory
existed, our ability to nodel the conbustion products from even controlled
| aboratory fires is limted by the conplexities of fire chemistry. For
exanpl e, the current state of the art in sinple flame nodeling will not
sustain a good prediction of the results of small, sinple experinents. The
experimental results are in fact found to depend, in ways as yet inconpletely
understood, on the source geomnetry. That is true even for such nundane
materials as wood, which generates a |arge nunber of organic conbustion
products, many of them toxic when burning

From our description of the Chenmical Control fire, it should be clear
that any conputation of rel eases based on the conbustion process is far
beyond the current state of the art of fire nodeling. An alternative to
model i ng the conbustion process is to assume a distribution of releases from
the fire based on the mass of the source term The U.S. Environnental
Protection Agency reports that approxinmately 50,000 drums were renmoved from
the site In the post-fire cleanup operations (U.S. EPA, 1982). Estimates of
the nunber of drums at the site during the fire have ranged from between

24,000 to 50,000 (table 23). Since the renmains of 50,000 druns were
recovered in the post-fire cleanup operation, we will center our analysis of
that estimate. At the density of water, if each drum had a capacity of

fifty-five gallons, then 50,000 druns of hazardous materials on the site
would transiate into a mass of 1.04 x ]07 kilograms. Therefore, if all the
material is converted into toxic snoke, ™ the mean source enission rate over a
twel ve- hour period would be about 280 kilograms per second. O course the
actual nass emission rate will vary over the course of the fire. W
therefore assume that the emission rate would be highest in the second
three-hour period, and lower in the others. Case 2 of table 24 summarizes
the fire paraneters constructed on the basis of these assunptions. Because
the assunptions are sonewhat arbitrary, we introduce two other cases by
varying sone of the descriptive paraneters. Damage cal cul ations will be
performed for all three cases.

113



viT

Figure 12a.

The Chemical Control

Site Before the Fire



STT

Figure 12b. The Cheni cal

Cont r ol

Site After

the Fire



Tabl e 23. Estimates of Conparison of Nunmber of Druns at the Chemi cal
Control Facility (Prior to the Cleanup Operation, Renoved by the

Cl eanup Operati on,

and Remaining at the Tine of the Fire)

Nunber of Druns

Ref erence Pre-fire O eanup* R%”g\éﬁﬂp*b*y Renai(]nieg%ugf ter
U S. EPA (1982) (58- 60, 000) 8- 10, 000 50, 000
Regenstein (1982) over 50,000 8- 10, 000 (40-42,000)
Wei nberg (1980) (58- 60, 000) 8-10, 000 over 50,000
New York Tinmes (1980) (32- 34, 000) 8- 10, 000 over 24,000
Tinme (1980) (32- 34, 000) 8- 10, 000 over 24,000
New York Times (1979) 45-50, 000 8- 10, 000 (35-42, 000)

*Numbers in parentheses show values inplied by other

**CGeneral |y agreed that

cl eanup operation.

dat a

bet ween 8-10,000 drums were renoved by pre-fire
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Cal cul ations of the Transport of Toxics from the Chenical Control Fire

W now turn to the task of translating the source release term
assunptions of table 24 into hunan exposures. St andard nodel s of the
transport of air pollutants can be adapted to cal cul ate concentrations based
on random net eorol ogi cal conditions that reflect the uncertainty of the
timng of the fire. In principle, the fire could have occurred under any of
the wind speed and wind directions drawn fromthe distributions of those
conditions characteristic of the Chenical Control site. Cal cul ati ons based
on a probabilistic distribution of meteorological conditions can therefore be
t hought of as calculations based on a random start-of-fire tine.

The Gaussian plume nodel of atnospheric transport, described in the
following section, is used to calculate concentrations at specific points
based on enission rates (see followi ng section), w nd speed and direction,
and some auxiliary variables, observed at three-hour intervals. The duration
of the actual Chemcal Control fire was between ten and twelve hours; we wll
assune that the fire was conpletely extinguished after twelve hours and that
rel eases in the last three-hour interval were significantly less than in the
other three-hour intervals (see table 24).

Ambi ent concentrations at one kilometer incremental distances from the
site are conputed for each set of neteorological conditions. Dose
concentrations are then averaged over a constructed probability distribution
of four sequences of three-hour periods to account for shifts in wnd
direction. Popul ati on exposures to the anbient concentrations and health
danmages thereof are calculated based on these averaged dose concentrations.
Finally, the cost of bearing the risk of health effects is conputed. That
cost is of course identical with the benefit associated with avoiding an
incident of this type (see chapter 8).

A Model of Air Transport

The nodel we will use is conventional and can be adapted to our
conput ati onal needs. Figure 13 represents a "didactic" abstraction of the
Chemical Control incident. There is a fire in a waste dunp located just west
of an urbani zed area. The problemis to conpute popul ati on exposures

resulting fromair transport of the plume generated by the fire during each
three-hour period of assumed steady wind direction and speed.

The transport nodel we use is the standard Gaussi an pl une nodel of
at nospheric dispersion (Basta and Bower, 1982). W introduce the follow ng
variables and notation:

C(x, y, z; h) Pol lutant concentration at point x, y, z for a
stack hei ght h (mierograms/meter-)

Q Em ssion rate (grams/sec)

u Wnd speed (rmeters/sec)
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Table 24. Source Rel ease Term Assunptions, Three Cases, Chenical Contro
Fire
Paranmeter or Variable Case 1 Case 2 Case 3

Nunber of fifty-five gallon 50, 000 50, 000 40, 000
druns on site

Fraction of mass vol atized 50% 100% 100%
in toxic formduring fire

Duration of fire, in hours 9 12 12

Fraction of burn in (0.2, 0.6, (0.2, 0.5, (0.2, 0.5
successive three-hour 0.2, 0.0) 0.2, 0.1) 0.2, 0.1)
interval s

Mean em ssion rate, in 321 240 192

kil ograns per second, for
twel ve-hour fire
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Oy Hori zontal plume diffusion parameter (neters)
Og Vertical plume diffusion parameter (meters)

X Di stance fromthe source neasured al ong wi nd
direction (neters)

y Crosswind distance from the source (neters)
z Vertical distance from the source (neters)
h Stack height (neters)

H Effective stack height (meters)

P Plune rise (meters)

In ternms of those variables, the Gaussian plunme fornula is:

6

2
C(x, ¥, 23 h) = 10°Q exp ('l(?_) )
2MC O o
y 2 2 y

2 2
[exp(-l(z - h) ) + exp (-l(z * H) )]
2 Gz 2 O’z
The rel ationship between the topography and the coordi nates appearing in

equation (7.1) may be easier to understand with a glance at figure 14, which
orients the coordinate system with respect to the plune.

(7.1

For conputation of human exposures, it is of course anbient
concentration at ground level that is relevant. That neans taking equation
7.1 for the case z = 0, which gives:

6 oy 2 2
C(x, ¥, 03 h) = 10°Q opp -l(y__) exp 'l(i_) ) (7.2)
1T0y0'zu 2 Oy 2\0,

where the effective stack height His (by definition) the sum of stack height
and plune rise:

H = h+p

It is inportant to remenber the assunptions under which equation (7.1) (and
thus equation (7.2)) is valid. These include:

(GP1) Steady-state atmospheric conditions
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